The structure and relative stereochemistry of yaequinolones, fungal insecticidal antibiotics, were elucidated by spectroscopic studies, including NMR spectral analyses. Yaequinolones possess a p-methoxyphenylquinolinone skeleton modified with different isoprenyl-derived side chains.
Introduction
Yaequinolones and structurally related compounds (1ϳ16, Fig. 1 ) were isolated from the culture broth of Penicillium sp. FKI-2140 as insecticidal antibiotics against brine shrimp (Artemia salina). The fermentation, isolation and biological activity were described in the preceding paper [1] . In this study, we describe the elucidation of the structure of 1ϳ7 and show that these compounds possess a quinolinone core with a variety of isoprenyl-derived side chains. In progress of this study, compounds 1 and 2 were identified as 3R*,4S*-dihydroxy-3,4-dihydro-4-(4Ј-methoxyphenyl)-2(1H)-quinolinone and 3R*,4R*-dihydroxy-3,4-dihydro-4-(4Ј-methoxyphenyl)-2(1H)-quinolinone [3] , respectively. The structural elucidation of 8 and 9, having a p-methoxyphenylquinolinone skeleton fused with an isoprenyl pyran ring, was reported elsewhere [2] .
Results

Structural Elucidation
The physico-chemical properties and 1 H and 13 C NMR data of 1 to 7 are summarized in Tables 1, 2 and 3.   1 H and 13 C NMR data of 13 and 14 are also shown for comparison. From the MS, 1 H and 13 C NMR (data not shown), 10 to 16 were identified as 4-hydroxy-3,4-dihydro-3-methoxy-4-(4Ј-methoxyphenyl)-2(1H)-quinolinone (quinolinone A, 10) [4] , 4,5-dihydroxy-3,4-dihydro-3-methoxy-4-(4Ј-methoxyphenyl)-2(1H)-quinolinone (quinolinone B, 11) [4] , peniprequinolone (12) [5] , penigequinolones A and B (13, 14) [5, 6] , 4Ј-methoxycyclopeptin (15) [5] and transdehydro-4Ј-methoxycyclopeptin (16) [7] . Compounds 1 and 2 were named yaequinolones A1 and A2 in this study, therefore these structural elucidations were described blow.
Yaequinolones A1 (1) and A2 (2): The molecular formulas of 1 and 2 were revealed to be C 16 H 15 NO 4 by HR-FAB-MS, thus requiring 10 degrees of unsaturation. The similarity in the 13 C NMR spectra (Table 3 ) of 1 and 2 strongly suggested that they have the same planar structure. The 13 C NMR spectra of 1 and 2 showed 16 carbons, which were classified into 1 methyl, 8 sp 2 methine, 1 sp 3 methine, and 6 quaternary carbons by analysis of the DEPT spectra. The connectivity of proton and carbon atoms was established according to the HMQC spectra. As shown by the bold lines for 1 and 2 in Fig. 2 was indicated by the NMR data. Considering the degree of unsaturation, it was thought that a quinolinone ring was formed from the disubstituted benzene ring and the amide group. Furthermore, considering the molecular formula, the two remaining protons should exist as two hydroxy groups at C3 and C4 of the quinolinone ring. Thus, identical planar structures were elucidated for 1 and 2, as shown in Fig. 2 .
Yaequinolone B (3): The molecular formula of 3 was determined to be C 21 H 21 NO 6 by HR-FAB-MS. The Finally, the cross peaks from OH5 (d 9.45) to C5 (d 157.4) and C6 indicated the hydroxy group exists at C5. Thus, the planar structure for 3 was elucidated to be that shown in Fig. 2 , which satisfied the molecular formula.
Yaequinolone C (4): The molecular formula of 4 was determined to be C 27 H 33 NO 7 by HR-FAB-MS, thus requiring 12 degrees of unsaturation. The 1 H and 13 C NMR spectra (Tables 2 and 3 ) resembled those of 13 or 14 except for the carbon signals of the tetrahydropyran ring. As shown by the bold lines for 4 in Fig. 2 , the partial structure IV (-CH 2 -CH 2 -CH-) became clear from the Taking the remaining atoms (one hydrogen and two oxygens) and the chemical shifts of C3Љ, C6Љ and C8Љ (bound to an oxygen) into consideration, it was concluded that C3Љ and C6Љ should connect to the same oxygen to form a furan ring and a hydroxy group is attached to C8Љ. Thus, the structure of 4 was elucidated to be that shown in Fig. 2 , which satisfied the molecular formula and the degree of unsaturation. Yaequinolone D (5) Fig. 2 .
Yaequinolone E (6): The molecular formula of 6 was revealed to be C 22 H 23 NO 5 by HR-FAB-MS. The 1 H and 13 C NMR spectra (Tables 2 and 3 ) resembled those of 3 except for the carbon signal of C3Љ. In HMBC experiment examining 6 (Fig. 2) , the cross peaks from H2Љ (d 6.84) and H 3 5Љ (d 1.95) to C3Љ (d 142.9) and C4Љ (d 116.7) and from H 2 4Љ (d 5.06, 5.02) to C2Љ (d 131.2) and C5Љ (d 18.7) indicated the presence of a methylene attached to C3Љ instead of a ketone of 3. Thus, the structure of 6 was elucidated to be that shown in Fig. 2 .
Yaequinolone F (7): The molecular formula of 7 was revealed to be C 27 H 31 NO 6 by HR-FAB-MS. The 1 H and 13 C NMR spectra (Tables 2 and 3 ) resembled those of 4 except for the carbon signals of C8Љ and C9Љ. In HMBC experiments, the cross peaks from H6Љ (d 4.46) to C9Љ (d 656   Table 3 13 C NMR spectral data of yaequinolones 1 to 7, 13 and 14 showed the presence of a methylene attached to C8Љ. Thus, the structure of 7 was elucidated to be that shown in Fig. 2 .
Relative Stereochemistry of p-Methoxyphenyl Quinolinone Skeleton
Compounds 1 and 2 have two chiral carbons of C3 and C4 in the quinolinone ring. Their relative stereochemistry was elucidated by NOE experiments (Fig. 3 ). An NOE was observed between H3 and H2Ј(H6Ј), but the intensity of NOE in 2 (7.1%) was much stronger than that in 1 (0.75%). These results indicated that the p-methoxyphenyl group and 3-OH in 1 are located on the same face of the quinolinone ring, while those in 2 are located on the opposite side. Therefore, the relative stereochemistry of 1 and 2 was determined to be 3R*, 4S* and 3R*, 4R*, respectively. NOE experiments for 3 to 7 showed similar results to those for 2, indicating that the stereochemistry of their quinolinone skeleton is 3R*, 4R*. Biosynthetic studies of this series of compounds have not been reported so far, but the biosynthetic pathway could be speculated to be as follows [5] . First, diketodiazepins 15 and 16 are biosynthesized from anthranilic acid and tyrosine, which are de-and re-cyclized to form the fundamental phenylquinolinones (1, 2, 10 and 11) . Similar cyclization was reported in the biosynthesis of a phenylquinolinic ring in fungal viridicatin [7, 8] . Then, an isoprenyl (C5)-or geranyl (C10)-derived side chain are linked to the skeleton to form 3, 6 and 12 or 4, 5, 7, 13 and 14, respectively. Finally, intramolecular dehydration occurs to produce 8 and 9.
Although the relative stereochemistry of the side chains in yaequinolones could not be defined, that of the quinolinone skeleton was determined by NOE experiments. Compound 1 has the 3R*, 4S* stereochemistry, while 2 to 12 have 3R*, 4R*. In this study 13 and 14 were separated by using a chiral column, though they were originally isolated as a mixture. They were both found to have 3R*, 4R* stereochemistry. Thus, only 1 has different stereochemistry, probably due to racemization during cyclization from 15 or 16.
Experimental
Spectroscopic Measurements
NMR spectra were recorded on a Varian Inova 600 spectrometer ( Optical rotations were recorded on a JASCO model DIP-181 polarimeter.
